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Sulrjoct: A=) FCS GYRO PREDIGRICH COMPUTER COLD CHAMBER TEST

The gyro prediction computer of the A<l FCS, System #9, manufacturad
Uy the Emerson Flectric Manufacturing Co., St. Louis, Mo., was subjected
to @old chamber tests at the Instrumentation Laboratory, MIT, during the
nonth of November. ¥rom these teste the followlng results were obtainsd:

1) The 3ime required for the prediction unit %o
reach operating temperature from -60° ¥ s
excessive, (U5 ¢o 60 minutes).

2) The signal generator nuil voltage drifis during
warm-up.

3) There is no significent permauent shift of signal
generator null due to temnerature cycling or to
variation in ambient temperaturs conditiona,

The Gests woro conducted by nlacing the complete gyre prediction
conputer in an Jasulated box which contained dry ice and a dlower to
circulate aly withia the box. The comouter was not in contact with the
dry ice. A Drowa recording thermometer with 12 thermocouples was used to
aagxe The tempereinrve &t c¢ritical points within the computer and the
chambew, Wo siiemrt var mede to vary chazber pressurc from atmospherie.
The following items wers recorded sgzainst time of operatidon:

1) Aubiend tomperasuve,
2) Riun raguired ey Liret dampsr cyels.
3) Signnl renevstor npll volleso.

4) Prsiiction waié charncteristie %ime as determined
#ith an avtorntic atop watoh.

h) Terporature diss-ibution within the syre predic-
tion gonputer housing or Ykeitla
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Heat sources within the prediction vnit container eonsisted of the
damper sod space hentovs, gyro wheels, and mlarosyn excitation, Coppere
constantan thermocouples were mounted in the prediction unit contalner
in the following places:

- % — -~ -~ - o - — - -
i) Gievation unit -~ Dottom of damper nOusIng.

2) 4 "« signal generator adjusting hole.
3) " ® . gorque motor adjvsiing hole.
%) " . gtiffaess motor goil nearest

ad Justment hole.
5) 4 B . 180° awsy from 2) above.
6) Deflection Unit -~ signal generator adjusting hole.
L) ! " -~ 180° away from 6} sbove.
8) " " .« stiffness motor shunt resistor.
9) Bottom of "clover leaf" casting.
10) Jwnction of space heater support vires.

11) Top surface of "clover leaf® castisag between .
the olewntion and deflection uhits directly
in front of space hosaier.

Warmeuwp time for the mnit is excessive, 45 minutes to one heur, after
sosking at an embient temperature of ~50° to «50° F for a period of at
least 12 bours. This time was measured from $nitial power application to
first damper thermoetat cycle. Alter once reaching onerating conditions
both domper and space hesters cycled satisfactorlly regardless of ambient
temperature, This indicotes thet thera 1s cnough heat ospacity within the
unit t7 “zeep iv A% operating tzaperature. Characteriatic time measurements
mode on $he elevation end defleciion ymnites, with an sutomatlc stop watch,
§4@ not chanpo 14h ambient tcmperature after the valt had warmed up.

‘the cutpus of the deflection unii signal generstor ae recorded during
vorm-up ond eooliing chonpged in both coplitnde and phase. Zreraon oalibra-
£ian nenenduesa enll For the nlenel generator %o be geroed to the stiffness
motnr eith n rall wolioso of iesy than 15 nfllivolts when the anit is at
operating toupoveties, 3357 V. The unii tested hrd 2 nail voltngs of
0 mAliAvelte nb opersting Hrzporrtore, althoush the poraible il say
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s moproximately 1 1/2 millfradianz ot the computer chaft oy 3 miliiradlens
at ths tracking line.

betveen § and 10 millivolta,  'hig 50 millivels nwll earvesponds 0 an erros

A% low amblent temperature -50° %o -60° ¥, and before warmeup, the
anll voliages are much higher, -~ 0.1 wolts. During warm-up from this
ambient to operating temperaturs, the nuil chifts shrough 1% williradians
roferred to tho computer shaft, but repeats the 1 1/2 nil wvalue given
above when operating telperaturs is reached,

Temperature oycling of the unit, 2 cyeles with system operating, md
2 thermal cycles to check hysteresia effects at room temperatuve, showed
for this particular computer,noc semi-permanent shifte and no lags in mall
voltege greater than ) milliradian of gcomputer shafi angle. In addition,
all values of null voltage obtalned a} operating temperature after werm-tup
were renroducible 1o values within 1/2 milliradisn of shaft engle.

The fact that lage of the order of 1 milliradisn were seen in the
ceurse of a thermal cytle may be attributed in part to shifts in the center
of gravity of the gyre. It is nleo possible that differentisl expansion
axiolly of the computer shaft and computer houging sisy cause misaligament
between rotor and stator of one or more microsyn umits. A third possibility,
Judged less likely, in rotation of one microsyn stator relative to tha other,

Other computer assemblier may or may not ehow as goeod reproducidbility
with tomperature cycling as did this one, The basie design of micromyn
mount involves the ascenbly of parts made of B gifferent metsls having dif-
ferent temperature coefficients of expansion, -~ hypernik, dural, magnesivm
and stesl ~- and 1% in nrobable that the 8tabllily of the assembly is
greatly dependent upon machining tolerances and agsembdly procedures,

Only if produetion unit nulls een consistently de found to bs as
reproducidble as those of the computer from this Number 9 System, and 1if
shock or vibration do not ceuse changes in microsyn zeros, czn the present
design be consldered adequate,

Temperature gradients within 2 irdividual prediction unit assembiica
are of the order of 5° ~ 109 I depending plightly on ambient temperatures.
this verietion with ambient tomperanturs is caused by operation of the
gpace heafer at low amblent tempersture, At an ambient of T° F, internal
heat fiom zyros and damders 1g ensugh %o open the space heater thermoatsat.
Thene dsxforences in tomperature gradient had uegllgible effect (a rmmall
Treetion of one milliredian) un the mul) voltage readines made after
operating temparntures vere resched,
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Feonm the vosalis of the bests the Followiue wosomuendagiers comn be
nado %0 improvs compuder perfovianas:

1) Bosange the warm-un ime ig excesslve Sow Llow
srnbient tempersiures, additional heaters should
ko Ingtlled Tov nas durine speratinmna shen iow
anbleat conditions are encountered. These
heabern ocould have thermostats set o turn off
at +100° ¥,

2) I% 38 desirable to inveetigate modification of
microsyn mountingzes to eliminate any possibility
of readjustment bhetween dissimilsr metals
boeanee of differcatviel expansion during warm—un,
aud proferabls to preven’ changes in null voltage
#ith temmerature even if they are reproducidle.

3) In ony ovent, $he signn) gemerators should be
adjusted for a ninimun nul] voltage after the
corrutar has reachad operating temperature.
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER
(ATTN: WILLIAM B. BUSH)

8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Cases 11-M-1002, -1003, -1005, -1007, -1008, and -1009

We have reviewed the attached documents and have no objection to declassification in -
full. The information you requested is provided in the table below:

OSD Current Current Current Current Current Current
Case Controlling | Controlling | Distribution Overall Downgrading Declass.
Number Agency Official Control Classification | Instructions | Instructions

11-M- Statement Level
OSD A

1002 WHS Records Release C N/A N/A
Official Unlimited
OSD A

1003 WHS Records Release C N/A N/A
Official Unlimited
OSD A

1005 WHS Records Release C N/A N/A
Official Unlimited
OSD A

1007 WHS Records Release C N/A N/A
Official Unlimited
OSD A

1008 WHS Records Release S N/A N/A
Official Unlimited
OSD A

1009 WHS Records Release S N/A N/A
Official Unlimited

If you have any questions, contact me by phone at 703-696-2197 or by e-mail at

storer.robert@whs.mil or robert.storer@whs.smil.mil.

Robert Storer
Chief, Records and Declassification Division

Enclosures:
1. DTIC request
3. Six documents
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